Objectives-To compare the first-trimester uterine artery pulsatility index (PI) measured by abdominal and transvaginal ultrasound (US).
P reeclampsia complicates 3% to 7% of pregnancies and is a well-established cause of maternal and fetal morbidity. 1, 2 The etiology of preeclampsia is complex, but poor placentation due to failure of trophoblastic invasion and transformation of spiral arteries is a common feature of the preterm forms of the disease. [3] [4] [5] Studies suggest that increased impedance in uterine arteries can be detected as soon as 11 to 13 weeks in women who will develop preeclampsia. [6] [7] [8] [9] [10] [11] The first-trimester uterine artery pulsatility index (PI) is a good predictor of preeclampsia, mainly in high-risk populations. 7, 12 When the uterine artery PI is combined with biophysical and biochemical markers, it is possible to predict most cases of preeclampsia: greater than 70% of preterm preeclampsia (necessitating delivery before 37 weeks' gestation) and greater than 90% of early-onset preeclampsia (necessitating delivery before 32 or 34 weeks) in the first trimester of pregnancy. 10, [13] [14] [15] Women identified as having a high risk of preterm preeclampsia could benefit from aspirin initiated before 16 weeks, which can prevent most cases of preterm preeclampsia when initiated before 16 weeks. [16] [17] [18] [19] [20] The first-trimester uterine artery PI is typically assessed by abdominal Doppler ultrasound (US) at the level of the ascending branch near the internal cervical os. 8, [21] [22] [23] The reproducibility of the technique is moderate and could potentially be improved by using transvaginal US. 24 However, there is a controversy regarding the similarity of uterine artery PI values between the two approaches. [24] [25] [26] [27] Plasencia et al 26 suggested that the approach (abdominal or transvaginal) should be taken into account to improve the accuracy of preeclampsia risk estimation. We aimed to compare first-trimester uterine artery PI as measured by abdominal and transvaginal US in a large cohort to determine the necessity of using different reference charts.
Materials and Methods
We performed an ancillary study in the prospective observational cohort named the Great Obstetrical Syndromes study, conducted at the Centre Hospitalier Universitaire de Qu ebec between March 2011 and December 2014. Nulliparous women aged 18 years and older with a singleton viable pregnancy between 11 and 14 weeks at the time of US were eligible for study entry. Exclusion criteria included chronic maternal diseases such as chronic hypertension, diabetes, and rheumatic diseases. Participants with multiple gestations (twins or triplets), those with a fetal crown-rump length of less than 45 mm or greater than 85 mm, and those with a diagnosis of a fetal chromosomal anomaly or lethal malformation leading to medical termination of gestation were also excluded. This study was performed in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the Centre Hospitalier Universitaire de Qu ebec-Universit e Laval. All adult participants provided written informed consent to participate in this study.
A questionnaire including maternal medical characteristics was completed by a research nurse, who measured the height and weight of the participant for calculation of the body mass index. Participants underwent measurement of the uterine artery PI with abdominal US followed by transvaginal US according to published guidelines. 8 The abdominal US examination was performed with a RAB4-8-D/OB curvilinear array transducer (2) (3) (4) (5) (6) (7) (8) , and the transvaginal US examination was performed with a RIC5-9-D transducer (4-9 MHz; Voluson E8 Expert system; GE Healthcare, Milwaukee, WI). The abdominal US examination was performed before the transvaginal examination, and the participant was asked to empty her bladder before the transvaginal examination. The uterine artery was examined in its ascending branch at the level of the internal cervical os with a Doppler gate set at 2 mm. Pulsed wave Doppler imaging was used to obtain flow velocity waveforms. The smallest possible angle of insonation (<308) was sought to obtain the highest peak systolic and enddiastolic velocities. The PI was measured for the left and right uterine arteries by using 3 similar consecutive waveforms and automated Doppler wave tracing unless otherwise indicated. The measurements were obtained by a single sonographer, who was certified by the Fetal Medicine Foundation for uterine artery Doppler examinations and had experience of more than 5000 uterine artery PI measurements, including audits. A maternal-fetal medicine subspecialist, who was blinded to all clinical data, reviewed all Doppler images to validate the quality of the measurements.
The average of the right and left uterine artery PIs was calculated for each approach, and their correlation was estimated with the Pearson correlation coefficient. Mean differences in the uterine artery PI between approaches were reported with their 95% confidence intervals. Bland-Altman plots were used to evaluate the differences between methods, using a regression approach because of a relationship between the difference and the average of measurements. 28 We reported the distribution of the uterine artery PI according to crownrump length categories for both approaches. Sensitivity analyses evaluated the relationship between the difference in the average uterine artery PI values of less than 2.0 and 2.0 or greater. All analyses were conducted with the SAS version 9.3 statistical software package (SAS Institute Inc, Cary, NC). A type I error of 5% was considered in all analyses.
Results
Nine-hundred forty participants were eligible and agreed to participate in the study at a mean gestational age 6 SD of 13.1 6 0.5 weeks, mean maternal age of 29.1 6 4.1 years, and body mass index of 24.5 6 4.6 kg/m 2 . Mean uterine artery PIs were obtained in both sides and approaches in 928 (99%) of all participants. Figure 2 shows that the mean uterine artery PI decreased with crown-rump length in both approaches, and Table 1 reports the distribution of mean uterine artery PIs as measured by abdominal and transvaginal US according to crown-rump length.
We observed a median uterine artery PI of 1.70 (interquartile range, 1.35 to 2.09) by abdominal US compared to 1.65 (interquartile range, 1.37 to 1.99) by transvaginal US, with a moderate correlation (intraclass correlation coefficient, 0.72; 95% confidence interval, 0.69 to 0.75) and a significant mean difference of -0.06 (95% confidence interval, -0.08 to -0.03) between the two approaches. We observed that the difference was greater for higher uterine artery PI values: Figure 3 shows a greater deviation from the line of equality at higher values. Abdominal measurements reached higher values than transvaginal measurements as the uterine artery PI increased (Figure 4 
Discussion
We observed a small but significant mean difference between abdominal and transvaginal uterine artery PI measurements by first-trimester US. The limits of agreement between the measurements were clinically significant. The mean uterine artery PI was significantly higher as measured by abdominal US in comparison to transvaginal US, particularly for high uterine artery PI values. Our observation was slightly different from previous studies. However, the difference can potentially be explained by the moderate correlation between the two approaches, which was in agreement with previous studies.
Four studies have been published on the subject. Plasencia et al 26 found that mean uterine artery PI values were significantly higher from transvaginal compared to abdominal US in a population of 351 women with singleton pregnancies. As in this study, they observed a negative correlation between the uterine artery PI and crown-rump length. We noticed the following differences between the two studies: (1) they did not select a specific population, whereas we recruited only low-risk nulliparous women; (2) they observed mean/median uterine artery PI values that were greater than ours; and (3) they measured the transvaginal uterine artery PI before the abdominal uterine artery PI, whereas we did the opposite. Ferreira et al 25 also observed a mean transvaginal uterine artery PI that was significantly higher than the abdominal uterine artery PI. In that case, we noted the following points: (1) they did not report whether the transvaginal US examination was performed before or after the abdominal examination; (2) they did not report the parity; (3) they observed slightly lower uterine artery PI values than ours; and (4) they noted low to moderate reproducibility, with up to a 40% difference between observers using abdominal US. In a prospective study of 101 patients, Marchi et al 24 observed no difference between the two approaches, with median values that were lower than those reported in other studies (transvaginal uterine artery PI: median, 1.36; interquartile range, 1.07 to 1.79; abdominal uterine artery PI: median, 1.34; interquartile range, 11 to 1.65; P 5 .78). Moreover, they observed a strong relationship between the experience of the operator and the reproducibility of the measurements. Finally, Kaminopetros et al 27 reported greater uterine artery PI values for transvaginal compared to abdominal US in 55 women at 10 to 13 weeks. They also concluded that transvaginal US was preferable for first-trimester screening of pregnancy complications because of better visualization of the uterine artery alongside the uterine body. In summary, from those 4 studies including a total of 604 participants, one could conclude that the uterine artery PI measured by abdominal US is similar or lower than the uterine artery PI measured transvaginally. In a cohort of 940 low-risk nulliparous women, we observed similar results between the two techniques when the uterine artery PI was at or below 2.0 and higher values by abdominal US for values of greater than 2.0. Because of the low reproducibility of the uterine artery PI from abdominal US along with the high heterogeneity in the results, we believe that it is difficult to draw a conclusion about the impact of the US approach. Common sense would suggest that similar uterine artery PI values should be observed when using abdominal and transvaginal approaches. However, several factors can influence the results, including echogenicity, uterus position, regular audits, and the experience of the sonographer. We hypothesize that bladder fullness and the US approach could be added to those factors by influencing the uterine angle and the optimal angle of insonation. Further studies are needed to confirm our hypotheses.
Our study was limited by the fact that we did not evaluate the reproducibility of both techniques. Thus, we could not determine whether the variation observed was due to low intraobserver/interobserver reliability or mainly due to variations between the approaches. Furthermore, we did not evaluate the bladder size at the time of the examination. In this study, several women emptied their bladder between abdominal and transvaginal examinations, and it is possible that bladder size influences the uterine artery PI. On the other hand, we recruited the largest cohort to our knowledge, and all women were low-risk nulliparous. Although we did not control for the experience of the observers, all participants were scanned by a single operator with experience of several thousand measurements of the uterine artery PI using a published technique.
The first-trimester uterine artery PI in combination with other markers has been shown to be a strong predictor of preeclampsia and intrauterine growth restriction in large cohort studies. 13 However, the ability to achieve a valid measurement of the uterine artery PI is dependent on the appropriate training and experience of operators and the adherence to a standard US technique. 23, 29, 30 Moreover, Ridding et al 29 demonstrated that an audit and feedback to operators resulted in improved measurement performance and showed the importance of the sampling site.
In conclusion, the mean uterine artery PI obtained by abdominal US could be associated with higher values than when obtained by transvaginal US, especially at higher measurements. Therefore, the approach should possibly be taken into account when assessing the uterine artery PI, with reference ranges specific to each technique. Further studies could evaluate the predictive values of both approaches for preeclampsia and fetal growth restriction. Such studies should be sure to follow strict guidelines, include audits, and to provide feedback to the sonographers prospectively.
